Background: The structure of long-term care (LTC) for old people has changed: care has been shifted from institutions to the community, and death is being postponed to increasingly old age. The aim of the study was to analyze how the use and costs of LTC in the last two years of life among old people changed between 2002 and 2013.
Background
The use of long-term care (LTC) among old people is concentrated into the last years and months of life, and the use of LTC at the end of life is higher in older old than younger old age [1] [2] [3] [4] . Deaths are increasingly postponed to later old age: in Finland in 1994 ca. 32,500 deaths occurred at the age of 70+ and 4100 (12.6%) at the age of 90+, while in 2014 the corresponding figures were 38,800 and 9500 (24.5%) respectively (Statistics Finland 2016) . Thus the last years of life are being lived at an older age than before, and consequently the use of LTC near the end of life will probably grow [5] .
A number of political programs in Finland have attempted to change highly institutionalized LTC practices and have recommended community-based services instead [6, 7] , as has also happened in many other countries [8, 9] . In practice, the proportion of old people using LTC has remained close to 10% since the 1990s, but the use of institutional care has decreased, and that of sheltered housing (service housing, classified as non-institutional care) has increased in Finland [10] [11] [12] . Earlier studies on trends in LTC use have focused on old people in general, but trends in LTC use among those who use the services most, old people at the end of life, are not known. As the number of such people is increasing in many countries, knowing the trends is important for understanding the distribution of service use and for planning how to respond to increasing needs in the near future.
There are three types of round-the-clock LTC in Finland: inpatient care in health center wards (primary care hospitals, which also provide short-term care), residential homes, and sheltered housing with 24-h assistance (referred to hereafter as sheltered housing). Of these, health centers and residential homes are institutional settings, and sheltered housing provides housing and closely related services. In the past, these LTC facilities were presented as forming a hierarchy: people with the smallest care needs were predominantly cared for in sheltered housing, and those with the greatest needs in health centers [13] . However, this hierarchy has been remodeled, and nowadays residential homes and sheltered housing generally respond to similar needs. Those with the highest needs or in need of medical care are cared for in health centers. However, the client profiles in these services overlap to some extent.
Municipalities are responsible for providing LTC for their citizens in Finland [14] . The largest proportion of costs is paid for by municipal taxes (84% for health centers and 72% for residential homes), and the users of services pay the rest out of their own pockets [15] . National information on the funding of sheltered housing is not available, but in these settings residents pay for a variety of day-to-day commodities, e.g. medicines, out of their own pockets. Since they are entitled to apply for reimbursements of medical and housing expenses from the Social Insurance Institution (SII), responsibility for the funding of LTC is being shifted from local-to nationallevel welfare systems, and to service users themselves [16] . The unit costs of health centers are highest and those of sheltered housing lowest (Table 1) , but these costs do not include all the same cost items, and therefore the differences in cost are not clear at the societal level. From the viewpoint of municipalities, sheltered housing has been found to be 22% cheaper than institutional care, but when SII reimbursement is taken into account, the total costs of sheltered housing are 9% cheaper than those of institutional care [17] . Still, there is a lack of information about costs paid by clients, and consequently about total societal costs.
We describe and analyze the use and societal costs of round-the-clock LTC among old people during the last two years of life, and how those uses and costs changed between 2002 and 2013. These were analyzed for longterm care in total, and separately for health center inpatient wards, residential homes, and sheltered housing. During the study period the structure of LTC continued to change so that care was shifted from institutions to the community, and death was being postponed to increasingly old age. These changes are current in many countries, and the results of this study add knowledge about LTC use in a group with the highest care needs. This study was conducted as part of the project entitled "New Dynamics of Longevity and the Changing Needs for Services" (COCTEL).
Methods

Study population
The study population was drawn from the Causes of Death Register (Statistics Finland). It consists of all those who died at the age of 70 years or over in 2002-2013 in Finland. The cutoff age of 70 was chosen because both the risk of death (Statistics Finland) and healthcare expenditures per resident start to increase at around 70 years of age in Finland [18] . Use of LTC was examined for the last 730 days of life. Thus the data include decedents for 12 years and service use for 14 years since 2000.
Data sources
The data on LTC use were derived from the Care Register for Healthcare and Care Register for Social Welfare (National Institute for Health and Welfare). The information from these registers was linked using unique Personal Identification Codes. A more detailed description of the data collection has been given elsewhere [19] . Costs per day in LTC provided by municipality [20] c
Costs were converted to their 2013 equivalent values according to the price index of public expenditure for health and social services (Statistics Finland) d [22] e COCTEL data: medicine costs per day in the last two years of life among those who died in 2013 and were community-dwelling for at least one day Days in care were calculated for each individual on the basis of dates of admission to and discharge from care. Permission to access and use the register data was obtained from both register authorities. The research plan was approved by the Pirkanmaa Hospital District Ethics Committee.
Measures
Use and costs of round-the-clock LTC were analyzed in total and separately for three types of LTC: (1) health center inpatient wards, if the person had a continuous length of stay of 90 days or over; (2) residential homes; (3) sheltered housing with 24-h assistance. The LTC in total is the sum of these three types of LTC.
Three outcome variables were created for LTC in total and for each type of LTC: (1) We multiplied the number of days in different types of LTC by their daily unit costs, derived from a national report [20] (Table 1 ). The unit costs for residential homes and health centers are gross costs caused by the use of services. We used the unit costs for the year 2013 for all years. Costs were converted from year 2011 values to their 2013 equivalent values according to the price index of public expenditure for health and social services (Statistics Finland).
The unit cost of sheltered housing included staff, meals, and materials, but excluded housing, medicines, and some purchased services [21] . Instead, these were included in the unit costs of health centers and residential homes (cost items are described in Table 1 ). We estimated the cost of housing (an average of €13.60 per day in sheltered housing) using statistics from the SII [22] . The mean cost of prescribed outpatient medicines was derived from the SII's individual-level register data. This was €4 per day among those who died in 2013 and who were community-dwelling 1 for at least one day in the last two years of life. We added these cost items to the unit cost of sheltered housing to make it more comparable with other types of LTC and to represent the societal costs, like the costs of other types of LTC do. Nonetheless, many other costs paid by users of sheltered housing were excluded, such as for clothing, TVs, hygiene products, and phones. In residential homes and health centers these costs are covered (see Table 1 ). The unit cost for sheltered housing is an underestimation, but it is the best estimation available, and this limitation must be kept in mind when interpreting the results. The unit costs of sheltered housing are difficult to estimate, since there is variation in the content of service packages offered to clients.
Analyses
Analyses were performed for the whole study population and by age group (70-79, 80-89 and 90+ years). Chisquare tests were used to test the differences in the proportions of service users and genders between the years of death. One-way ANOVA was used to assess the change in the mean age at death during the study period. Independent samples median tests were used to test the differences in the number of days in care, and in the costs between those who died in different years. The number of days in and costs of LTC were analyzed among the users of services. In addition, the sum of days in LTC is presented. Binary logistic regression analyses were performed to assess the probability of using LTC by year of death. Age and gender were adjusted for.
The costs of LTC in our data include a lot of zeroes, and the distributions are U-shaped, meaning that there were many individuals with few or no days in care (for health centers 0 or ≥90) and many who were in care for 730 or almost 730 days. Survival methods such as Cox proportion hazard models may be employed when the data are skewed or multimodal, have heavy tails, or consist of excess zeroes [23] . These models have been used even when the censoring does not have to be corrected [24] . In comparisons of different regression models for analyzing the cost data, proportional hazard models have been shown to perform well [25] when the proportional hazards assumption is met [24] .The proportional hazards assumption means that the survival curves for two different levels of a covariate are proportional over time (i.e. constant relative hazard) [26] .
We employed Cox proportional hazard models to analyze the development of the costs of LTC per user between 2002 and 2013. Costs were considered a "survival time" variable, and those who did not have "survival time", i.e. whose costs were 0, were dropped from the models. None of the observations was treated as censored, as for all the end point was death. Age, gender, and year of death were independent variables. In addition, models including an interaction term (age * year of death) were run to find out whether the effect of age on costs differed between the years. The negative coefficient estimate (hazard ratio (HR) <1.00) for the proportional hazard model indicates a decreased hazard of reaching total costs, hence an increase in total cost [25] . Therefore, we present the inverses of HRs to make the interpretation easier, i.e. a higher value means higher costs.
Results
Descriptives
The data included 427,078 persons. The mean age at death increased from 82.3 to 83.8 years between 2002 and 2013 (p < .001), and the proportion of women decreased from 59.1% to 56.5% (p < .001). The number of people who died at the age of 70-79 years decreased and that of older people increased during the study period (Fig. 1) .
The proportion of LTC users
The proportion of those who used LTC in total increased (p < .001) over the study period among those who died at the age of 70+. It increased in younger age groups, but decreased (p < .001) among the oldest (90+) (Fig. 2) . The use of institutional care (health centers and residential homes) decreased (p < .001), while the use of sheltered housing increased (p < .001) in all age groups.
The likelihood of using LTC in total remained approximately at the same level between 2002 and 2013 when age was adjusted for (stepwise analyses not shown) ( Table 2 ). The decrease in the use of institutional care and the increase in use of sheltered housing were also shown in these analyses. Use of all types of LTC was more common among older than younger decedents and among women than men ( Table 2 ).
The number of days in, and the costs of, long-term care
The number of deaths at the age of 70+ decreased from 2002 to 2005, and increased remarkably from 2006 to 2013. Therefore the sum of days in LTC in total first decreased and then increased (Fig. 1) . The sum of days in LTC decreased among the youngest (70-79) but increased in the older age groups.
Among those who used LTC, the number of days in LTC in total increased slightly (mean 450 in 2002 and 448 in 2013, median 540 and 549 respectively, p < .001) in the study period, but the costs per user decreased (p < .001) (Fig. 2) . The number of days, as well as the costs of care in health centers and residential homes, decreased (p < .001) from 2002 to 2013. Conversely, the number of days in and costs of sheltered housing increased (p < .001).
We ran Cox proportional hazard models to find out how the costs of LTC developed during the study period among service users. The costs of LTC in total decreased systematically from 2002 to 2013 (Table 3 ). The costs of health centers decreased, and the costs of sheltered housing increased. The costs of residential homes did not change during the study period. Older people and women had a higher probability of higher costs for each type of LTC than younger people and men (Table 3) .
We also ran Cox proportional hazard models including the interaction term (age * year of death) to find out whether the effect of age on LTC costs changed during the study period (analyses not shown). The effect of this interaction term was statistically significantly associated with the costs of LTC in total for the users increased among those who died at the age of 70 years or over, but the increase was not clear when age was adjusted for. This implies that the increase was due to the change in the age structure of old people, i.e. the postponement of death to older ages. Use and costs of LTC are higher among older old than younger old people, and the effect of age on use and costs of LTC did not change much during the study period. As the last years of life are being lived at a greater age than before, functional and cognitive disability is probably *p < .05, **p < .01, ***p < .001 LTC long-term care, iHR inverse of hazard ratio, CI confidence interval greater than previously [27] , and the period during which care is needed may be longer [28] . The composition of LTC changed during the study period. The use of institutional LTC (health centers and residential homes) decreased, and the use of sheltered housing increased. The number of days in LTC in total among users did not change much, but the costs of LTC in total per user decreased. This was mainly due to the replacement of institutional LTC with sheltered housing, the costs of which are lower than those of institutional LTC. However, the unit costs of sheltered housing are difficult to estimate, as the costs and contents of services vary between sheltered housing units. In particular, the costs that clients pay out of their own pockets are not well known, and not all of them are included in the unit costs used here. We used the national unit costs, but since these do not include the costs of medicines and housing, we estimated their impact on costs. Consequently, the difference between the daily costs of residential homes and sheltered housing diminished from €57 to €39. However, the unit cost of sheltered housing is probably an underestimation.
The costs of LTC naturally depend heavily on the unit costs used. We used the same unit costs (2013) for all years, although costs may have changed during the study period. Furthermore, if there were significant changes in the content of care, or in the need for care among users, this may also have led costs to change. The unit costs used here are the national average costs, while the actual costs vary somewhat between municipalities and service providers [29] .
The role of sheltered housing clearly increased during the study period in the care of old people in their last two years of life, as in the care of old people in general [10] [11] [12] 30] . This shift is mainly due to changes in the supply of services, rather than to the preferences of old people. If an individual in sheltered housing needs as much care and as many services as someone in a residential home, the costs of their care are likely to increase, becoming near or equal to the costs of care in a residential home [16] . Earlier studies have reported remarkable differences in care needs between residents in different types of LTC [30] , but in our data people using different types of LTC did not differ much in terms of age, gender, or dementia diagnosis (data not shown).
According to our previous analyses, old people are not living until their deaths in sheltered housing as often as in residential homes. Also, the number of transitions to different care facilities (commonly hospitals) in the last year of life has been higher from sheltered housing than from residential homes [31, 32] . In addition to possible problems in the continuity of care, multiple admissions to hospital care also increase end-of-life care costs. We also analyzed the variation in the total costs of social and health services between those living in residential homes and those in sheltered housing, and no difference was found [33] .
The use of registers, which are considered reliable [34, 35] , is a strength of this study. In analyzing the costs of LTC we employed Cox proportional hazard models, which are not a very established way to make such an analysis. However, according to previous econometric comparisons, it is a suitable method for the analysis of complex cost distributions, although an essential requirement is that the proportional hazards assumption be met [23, 25] . We examined this assumption by considering the "survival curves" of costs between years of death, and found that they were proportional (parallel) at all points of the cost distribution. In addition, Cox regression has been found to be valid for analyzing costs when the data are not censored [36] ; this was the case in our study, where the followup was two years for all.
The focus of this study was on round-the-clock LTC; thus home care and informal care, which are important parts of LTC, were not included. The proportion of home care users in the last two years of life increased from 19% in 2002 to 21% in 2008 in Finland [37] . Although there is a policy emphasis on living at home for as long as possible, the stability of the number of days in LTC among the users in this study suggests that old people may not be able to live longer in their own homes with the current level of home care.
Individual characteristics, other than age and gender, were not controlled for in our analyses, although disease and disability [38, 39] , living arrangements and socioeconomic status [40, 41] , and availability of informal care [42, 43] are known to be important determinants of the use and costs of LTC. In this study, however, the focus was on time trends in the use and costs of LTC, not on individual determinants.
Conclusions
A remarkable change in the arrangement of round-theclock LTC for old people in the last two years of life took place in Finland between 2002 and 2013. The number of days in LTC increased slightly, but the costs of LTC in total per user decreased during the study period. There was a shift from institutional care to sheltered housing. However, reliably comparing the costs of different types of LTC is difficult, because they do not include the same cost items. We estimated the societal costs of sheltered housing, but still could not include them all. In particular, the costs paid by the service users are difficult to estimate. The increased use of sheltered housing raises concerns about shifting the financial responsibility onto clients. Use of LTC in total increased, as the age structure of the decedents changed. As death continues to be postponed to older ages, the need for, and the use and costs of, LTC will probably increase. Choices should be made about how to supply good care for old people in ways that will share the costs of LTC equitably.
Endnotes
1 People were considered community-dwelling if they lived in a private home or sheltered housing, which is classified as non-institutional care. 
